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$\zeta_{t}+[\phi, \zeta+\nu y]=0$ , (1)
( $\phi$ $\zeta=(\triangle-1)\phi$ [, ] ) \beta
(\beta )
$[1,2]$ ( $\zeta$ $\zeta+\nu y$
)
$\Gamma(\phi)$ $=$ $\int_{D}\phi dr$ , $E=$ $\frac{1}{2}\int_{D}[\phi^{2}+(\nabla\phi)^{2}]dr$ ,
$P_{x}(\phi)$ $=$ $\int_{D}x\phi dr$ , $\Omega$ $=$ $\frac{1}{2}\int_{D}[(\nabla\phi)^{2}+(\triangle\phi)^{2}]dr$,
$P_{y}(\phi)$ $=$ $\int_{D}y\phi dr$ , $C_{f}$ $=$ $\int_{D}f(\zeta+\nu y)dr$ .
$P_{x}(\phi)$ $\Gamma(\phi)=0$ $C_{f}$ (Lie







$f_{M}(r)$ $=$ $\{\begin{array}{l}\frac{K_{1}(\rho r)}{K_{1}(\rho r_{0})}\frac{r}{\Gamma_{0}}-\frac{\rho^{2}}{\lambda^{2}}\frac{J_{1}(\lambda r)}{J_{1}(\lambda r_{0})}\end{array}$ $r\leq r_{0}^{0}r\geq r$ (2b)




$\frac{\lambda r_{0}J_{1}(\lambda r_{0})}{J_{2}(\lambda r_{0})}+\frac{\rho r_{0}K_{1}(\rho r_{0})}{K_{2}(\rho r_{0})}=0$. (2d)




























$(x_{c}, y_{c})$ $l,$ $\theta$ $x$
$\eta$
$\eta=((:/\nu)+y$:( $\zeta_{i},$ $y_{i}$ ) ( 1) $U$
$U/l(\eta-l)$ $y_{c}$ $\theta$
$H$ amiltonian
$H(y_{c}, \theta)=\frac{1}{2}y_{c}^{2}-l\eta\sin\theta-\frac{1}{4}l^{2}\cos 2\theta$ , (5)





















































$\phi$ ( $r$ , t) $\zeta(r, t)$
$\phi(r,t)=-\frac{1}{2\pi}\int_{D}((r’, t)K_{0}(|r-r’|)dr’$ . (9)
$(1/2\pi)K_{0}(|r-r’|)$ Helmholtz $\triangle-1$ Green
267
$\phi(r)$ $=$ $- \frac{K_{0}(r)}{2\pi}\Gamma(\zeta)+\frac{K_{1}(r)n_{\alpha}}{2\pi}P_{\alpha}(\zeta)$
$- \frac{K_{2}(r)n_{a}n_{\beta}}{4\pi}Q_{\alpha\beta}^{(1)}(\zeta)+\frac{K_{1}(r)n_{\alpha}n_{\beta}}{4\pi r}Q_{\alpha\beta}^{(2)}(\zeta)$ (10)
$+$ ( higher order moment terms).
$\Gamma,$ $P_{\alpha},$ $Q_{a\beta}^{(1)},$ $Q_{a\beta}^{(2)}$ $0$ 1 2
$\Gamma(\zeta)$ $=$ $\int_{D}\zeta(r’)dr’$ , $P_{\alpha}(\zeta)$ $=$ $\int_{D}x_{\alpha}’\zeta(r’)dr’$ ,
(11)





$2^{l}$ (10) $n_{x}=\cos\theta,$ $n_{y}=\sin\theta$
$\phi(r)$ $=$ $- \frac{K_{0}(r)}{2\pi}q_{0}^{0}(\zeta)+\frac{K_{1}(r)}{2\pi}e^{\pm i\theta}q_{1}^{\pm 1}(\zeta)$
$+ \frac{K_{0}(r)}{4\pi}q_{2}^{0}(\zeta)-\frac{K_{2}(r)}{4\pi}e^{\pm 2i\theta}q_{2}^{\pm 2}(\zeta)$ (12)
$+$ ( higher order moment terms),
$q_{0}^{0}$ $=$ $\Gamma(\zeta)$ , $q_{1}^{\pm 1}$ $=$ $\frac{1}{2}\{P_{x}\mp iP_{y}\}$ ,
$q_{2}^{0}$ $=$ $\frac{1}{2}(Q_{xx}^{(1)}+Q_{yy}^{(1)})$ , $q_{2}^{\pm 2}$ $=$ $\frac{1}{2}[\frac{1}{2}(Q_{xx}^{(1)}-Q_{yy}^{(1)})\mp iQ_{xy}^{(1)}]$ , (13)
$|q_{1}^{\pm 1}|,$ $q_{2}^{0},$ $|q_{2}^{\pm 1}|$ 4
$D,$ $trQ,$ $qpQ$
(10)
$\phi_{t}(r)$ $=$ $- \frac{K_{0}(r)}{2\pi}\Gamma(\zeta_{t})+\frac{K_{1}(r)n_{a}}{2\pi}P_{a}(\zeta_{t})$
$- \frac{K_{2}(r)n_{a}n_{\beta}}{4\pi}Q_{\alpha\beta}^{(1)}(\zeta_{t})+\frac{K_{1}(r)n_{a}n_{\beta}}{4\pi r}Q_{\alpha\beta}^{(2)}(\zeta_{t})$ (14)
$+$ ( higher order moment terms),
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CHM (1)
$\Gamma(\zeta_{t})$ $=$ $0$ , (15a)
$P_{x}(\zeta_{t})$ $=$ $\nu\Gamma(\phi)$ , (15b)
$P_{y}(\zeta_{t})$ $=$ $0$ , (15c)
$Q_{xx}^{(1)}(\zeta_{t})$ $=$ $2 \nu P_{x}(\phi)-2\int_{D}u$ r’, (15d)
$Q_{yy}^{(1)}(\zeta_{t})$ $=$ $2 \int_{D}uvdr’$ , (15e)
$Q_{xy}^{(1)}(\zeta_{t})$ $=$ $\nu P_{y}(\phi)+\int_{D}(u^{2}-v^{2})dr’$, (15f)
$Q_{a\beta}^{(2)}(\zeta_{t})$ $=$ $6_{\alpha\beta}2\nu P_{x}(\phi)$ . (15g)




$(x-x_{c}, y-y_{c})$ ( $(x_{c},$ $y_{c})$ )
$\Gamma(\phi(\tilde{r}))$ $=$ $\Gamma(\phi(r))$ ,
$P_{\tilde{a}}(\phi)$ $=$ $\text{ ^{}\tilde{x}_{a}\phi(\tilde{r})dr}$
$=$ $P_{a}(\phi)-x_{ca}\Gamma(\phi)$ ,
$Q_{\tilde{a}\tilde{\beta}}^{(1)}(\phi)$ $=$ $\text{ ^{}\tilde{x}_{a}\tilde{x}_{\beta}\phi(r)dr}$
$=$ $Q_{\alpha\beta}^{(1)}(\phi)-x_{\infty}P_{\beta}(\phi)-x_{c\beta}P_{a}(\phi)+x_{ca}x_{c\beta}\Gamma(\phi)$ ,
$\dot{\Gamma}(\phi(\tilde{r}))$ $=$ $0$ , (16a)
$\dot{P}_{\tilde{x}}(\phi)$ $=$ $\dot{P}_{x}(\phi)-\dot{x}_{c}\Gamma(\phi)$
$=$ $-(\nu+\dot{x}_{c})\Gamma(\phi)$ , (16b)
$\dot{P}_{\tilde{y}}(\phi)$ $=$ $-\dot{y}_{c}\Gamma(\phi)$ , (16c)
$\dot{Q}_{\tilde{x}\tilde{x}}^{(1)}(\phi)$ $=$ $\dot{Q}_{xx}^{(1)}(\phi)-2\dot{x}{}_{c}P_{x}(\phi)-2x_{c}\dot{P}_{x}(\phi)+2\dot{x}_{c}x_{c}\Gamma(\phi)$
$=$ $-2 \nu P_{x}(\phi)+2\int_{D}$ uvdr’ $-2\dot{x}{}_{c}P_{x}(\phi)$
$+2\nu x_{c}\Gamma(\phi)+2\dot{x}_{c}x_{c}\Gamma(\phi)$ , (16d)
$\dot{Q}_{\tilde{y}\tilde{y}}^{(1)}(\phi)$ $=$ $\dot{Q}_{yy}^{(1)}(\phi)-2\dot{y}_{c}P_{y}(\phi)+2\dot{y}_{c}y_{c}\Gamma(\phi)$
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$=$ $-2 \int_{D}$ uvdr’ $-2\dot{y}_{c}P_{y}(\phi)+2\dot{y}_{c}y_{c}\Gamma(\phi)$ , (16e)
$\dot{Q}_{\tilde{x}\tilde{y}}^{(1)}(\phi)$ $=$ $\dot{Q}_{xy}^{(1)}(\phi)-\dot{x}{}_{c}P_{y}(\phi)-\dot{y}_{c}P_{x}(\phi)-y_{c}\dot{P}_{x}(\phi)$
$+(\dot{x}_{c}y_{c}+x_{c}\dot{y}_{c})\Gamma(\phi)$
$=$ $- \nu P_{y}(\phi)-\int_{D}(u^{2}-v^{2})dr’-\dot{x}{}_{c}P_{y}(\phi)-\dot{y}_{c}P_{x}(\phi)$
$+\nu y_{c}\Gamma(\phi)+(\dot{x}_{c}y_{c}+x_{c}\dot{y}_{c})\Gamma(\phi)$, (16f)
$t\tilde{r}\dot{Q}$ ,
$t\tilde{r}\dot{Q}$ $=$ $-\nu P_{x}(\phi)-\dot{x}{}_{c}P_{x}(\phi)-\dot{y}_{c}P_{y}(\phi)$
$+(\nu x_{c}+\dot{x}_{c}x_{c}+\dot{y}_{c}y_{c})\Gamma(\phi)$,
$\Gamma(\phi)=0$
$trQ\sim=-\nu P_{x}(\phi)t-(x_{c}(t)-x_{c}(0))P_{x}(\phi)-(y_{c}(t)-y_{c}(0))P_{y}(\phi)$ , (17)
$x$ $P_{x}$ $0$ 2 $t^{\sim}rQ$
4
(2a)
$\Gamma(\phi_{M})$ $=$ $0$ , (18a)
(\phi M) $=$ $0$ , (18b)
$P_{y}(\phi_{M})$ $=$ $- \pi r_{0}U\int f_{M}(r)r^{2}dr$
$\equiv$ $P_{M}$ , (18c)
$Q_{\alpha\beta}(\phi_{M})$ $=$ $0$ , (18d)
.
4 (17)






$\phi_{T}(r, \theta)$ $=$ $\phi_{M}(r, \theta-6)$
$=$ $-r_{0}Uf_{M}(r)\sin\theta\cos 6+r_{0}Uf_{M}(r)\cos\theta\sin 6$ ,
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